Favourable outcomes in patients with early-stage non-small-cell lung cancer operated on by video-assisted thoracoscopic surgery: a propensity score-matched analysis. Eur J Cardiothorac Surg 2018;54:547-53. Favourable outcomes in patients with early-stage non-small-cell lung cancer operated on by video-assisted thoracoscopic surgery: a propensity score-matched analysis † Abstract OBJECTIVES: The video-assisted thoracoscopic surgery (VATS) approach has become a standard for the treatment of early-stage nonsmall-cell lung cancer (NSCLC). Recently published meta-analyses proved the benefit of VATS versus thoracotomy for overall survival (OS) and reduction of postoperative complications. The aim of this study was to compare early outcomes, long-term survival and rate of postoperative complications of the VATS approach versus thoracotomy.
INTRODUCTION
In recent years, the widespread use of computed tomography, coupled with the implementation of screening programmes, resulted in more prospective patients being treated for early-stage non-small-cell lung cancer (NSCLC) [1] . Video-assisted thoracoscopic surgical (VATS) resection has become the widely accepted approach for the treatment of early stage NSCLC [2] [3] [4] [5] [6] since the first descriptions of VATS lobectomy in the early 1990s [7] . VATS lobectomies have been evaluated in many studies that showed reduced morbidity, less postoperative pain and shorter hospital stays compared to open thoracotomy [8] [9] [10] [11] [12] . According to the European Society of Medical Oncology guidelines, either open thoracotomy or VATS access can be performed in patients with NSCLC, depending on the expertise of the surgeon [13] . A recently published meta-analysis showed the benefit of the VATS approach regarding overall survival (OS) and 5-year survival compared to open lobectomy [14] .
The aim of this study was to assess early results and long-term outcomes in patients with NSCLC operated on using the VATS approach compared to open thoracotomy resection.
MATERIALS AND METHODS

Study group
In this retrospective single-centre study, we evaluated the results of surgical treatment of patients with early stage NSCLC. Between January 2007 and October 2015, the data from 1514 patients from 1 centre were identified in The Polish National Lung Cancer Registry. Patients with a pathology report of Stage I-IIA NSCLC according to the 7th edition of the tumour, node and metastasis (TNM) staging system for lung cancer were enrolled in the study. The exclusion criteria were as follows: pneumonectomy (n = 68), pTNM Stage IIb-IV (n = 445), bronchial or tracheal sleeve resection (n = 2) and incomplete data (n = 21). A total of 982 patients met the eligibility criteria and were enrolled in the study. Open thoracotomy was defined as posterolateral thoracotomy with latissimus dorsi and serratus anterior muscle section.
To reduce potential selection bias, propensity score (PS) matching was applied before both operation strategies were compared [15, 16] . With the nearest neighbour matching method, in which a logistic regression model is constructed in the domain of the chosen covariates, 2 groups of patients were selected: VATS and open thoracotomy. Patients were matched using the following variables: sex (male/female), pTNM (pathological Stage IA, IB and IIA according to the 7th TNM classification), Charlson comorbidity index (CCI), type of resection (lobectomy, segmentectomy or wedge resection) and type of NSCLC based on the pathology report (adenocarcinoma, squamous cell carcinoma, carcinoid and other). The matching was performed using the nearest neighbour method (with a 1:1 ratio), and its quality was assured by a difference-in-difference estimation [17] . The enrolment process is presented in detail in Fig. 1 .
The patients were discharged home a day after the chest drain was removed if no postoperative complications were present. The majority of patients with complications were discharged if their general condition was good and there were no signs of infection. Consultation with a cardiologist was required if there were cardiovascular complications.
Statistical methods
Study variables were summarized using the appropriate descriptive statistics. Thirty-day and 90-day mortality rates, length of hospital stay and rate of respiratory and cardiovascular complications were assessed. Kaplan-Meier survival curves were used to assess the OS, and the log rank test was used to compare the Kaplan-Meier estimates. The median follow-up time was obtained with a reverse Kaplan-Meier method. The univariate and multivariate Cox proportional hazard models were built to estimate the impact of the following parameters on OS: pTNM, CCI, age, sex and surgical approach. A forward feature selection algorithm with Akaike information criterion accompanied by a likelihood ratio test were used for model selection. The relative risks (RRs) were estimated based on multivariate Cox model hazard ratios (HRs) [18] with the baseline values as given by the MaxPlanck mortality database [19] .
Additionally, for PS-matched VATS and open thoracotomy groups only, a multivariate logistic regression model was constructed to perform a comparison study of postoperative complications. The Akaike Information Criterion and likelihood ratio test tests were used for model selection in a forward feature selection procedure. The association of each covariate with the type of surgical approach was primarily assessed using the G maximum likelihood statistical significance test for nominal or the Mann-Whitney-Wilcoxon test for remaining covariates. Only the postoperative complications that were differentiated in the univariate analysis at a significance level of 0.2 were considered in the multivariate analysis. The adjusted odds ratios were estimated based on the parameters of the final multivariate logistic model.
The statistical tests were 2-sided, and a P-value <0.05 was considered statistically significant. Calculations and statistical analyses were performed using R 3.3.1 statistical software (The R Foundation for Statistical Computing, Vienna, Austria). 
RESULTS
Unmatched population
Nine hundred and eighty-two patients, 570 men and 412 women, met the eligibility criteria with a mean age of 63.5 years (interquartile range 58.0-70.0 years). The median follow-up period was 44 months [95% confidence interval (CI) 44-47]. The characteristics of the unmatched groups of patients are presented in Table 1 .
There were no significant differences in the 3-and 5-year survival rates between the VATS versus the open thoracotomy group (P = 0.17 for 3-year and P = 0.051 for 5-year survival, Table  2 ). The estimates for all patients, regardless of the procedure used, were 78% (95% CI 76-81%) and 70% (67-74%), respectively. The VATS approach was associated with a significant benefit for OS (log-rank P = 0.039), with a univariate Cox model-based HR of 0.67 (0.45-0.98) and a RR of 0.68 (0.47-0.98), which might indicate an advantage of VATS resection over thoracotomy in terms of long-term survival. However, when the multivariate Cox regression model is constructed, no significant impact of surgical approach is observed ( Table 3 ). The estimated survival curves after VATS and open thoracotomy resection are presented in Fig. 2 .
Matched population
To reduce potential selection bias, we used PS matching. The characteristics of the matched groups of patients are presented in Table 1 . For the matched populations, there were no significant differences observed in the 3-year survival rate between the VATS versus the open thoracotomy group (P = 0.14); however, we did note a statistically significant difference in the 5-year survival rate (P = 0.0081) ( Table 2 ). The VATS approach remained associated with a significant benefit regarding OS (log-rank P = 0.036), with a univariate Cox model HR = 0.63 (0.40-0.97) and RR = 0.64 (0.42-0.97). The estimated survival curves after VATS and open thoracotomy resection of matched groups of patients are presented in Fig. 3 . Whereas the multivariate Cox model is constructed with the surgical approach, pTNM, sex, age and CCI as explanatory variables, the VATS remains significantly related to OS, with HR = 0.63 (95% CI 0.40-0.98) and RR = 0.64 (0.42-0.98). Additional clinical factors significantly affecting survival are age, CCI and pTNM ( Table 3) .
The univariate comparative analysis of the frequencies of postoperative complications showed a reduced rate of postoperative atelectasis requiring bronchial aspiration (4% vs 10%, P = 0.0052) and of the need for blood transfusions (4% vs 11%, P = 0.0054) in the VATS group. There were no significant differences among rates of other complications such as pneumonia, adult respiratory distress syndrome, residual air space, the need for redrainage, prolonged air-leak, cardiovascular complications and atrial fibrillation. The surgical approach had a significant impact on the postoperative length of stay (mean 7.25 vs 9.34 days, P < 0.0001), but there was no significant impact on 30-day mortality (1% vs 1%, P = 0.66) and 90-day mortality (1% vs 1%, P = 0.48) rates. The results of the morbidity analysis, early postoperative mortality and length of hospital stay are presented in Table 4 . As a result of the multivariate stepwise logistic regression analysis performed for the PS-matched population with respect to the surgical approach, only the need for blood transfusions and atelectasis requiring bronchial aspiration remain in the final model. The odds ratio for the need for blood transfusions is 0.42 (95% CI 0.19-0.89) and 0.39 (0.16-0.87) for atelectasis, which means that the chances of the need for blood transfusions and of developing atelectasis requiring bronchial aspiration are 2.4 and 2.6 higher in the patients who have an open thoracotomy, respectively.
DISCUSSION
During the last 2 decades, the VATS approach for the resection of early-stage NSCLC has been evaluated in many retrospective observational studies and in several randomized controlled trials and meta-analyses. More than 20 years ago, Kirby et al. [20] performed a randomized controlled trial that compared VATS lobectomy with muscle-sparing thoracotomy. VATS resection was associated with decreased complication rates, but there were no significant decreases in blood loss, duration of chest tube drainage, length of hospital stay and reduction of postoperative pain [20] . In the study of Sugi et al. [21] , another randomized controlled trial, patients with clinical Stage IA of NSCLC who underwent VATS lobectomy were compared with patients in the open thoracotomy group, and the differences between both groups in terms of survival or recurrence rate were noted. Similarly, the randomized controlled study of Bendixen et al. [12] showed that the VATS approach was associated with less postoperative pain and a better quality of life compared to thoracotomy, suggesting that VATS should be the preferred surgical approach for Stage I NSCLC.
To date, many observational, case-control retrospective studies evaluating early and late outcomes and morbidity of patients operated on with the VATS approach compared with open thoracotomy have been reported [22] [23] [24] [25] [26] . In the studies of Villamizar et al. [23] , Ilonen et al. [24] and Paul et al. [25] , the VATS approach was associated with reduced morbidity compared to an open thoracotomy. Flores et al. [26] demonstrated that VATS lobectomy was associated with fewer complications and a shorter hospital stay, with a similar 5-year survival rate compared to open thoracotomy.
Several recent meta-analyses have compared VATS resection with open thoracotomy. Cao et al. [14] compared unmatched and PS-matched groups of VATS and open thoracotomy resections; they found a significantly lower overall complication rate and a shorter length of hospitalization after VATS. The meta- [14, 23] . These factors obviously contributed to diminished perioperative mortality [23] . However, our patients tended to have both better perioperative and long-term survival rates. This outcome may be explained by the findings of Zhang et al., who proved that lower systemic and loco-regional rates contributed to better long-term survival. The exact explanation of the results obtained cannot be interpreted on the basis of the data in the study. The advantages of the results that showed superior or at least comparable outcomes in patients operated on with VATS resections were evident and suggested that VATS lobectomy might be a better alternative for thoracotomy in patients with early-stage NSCLC.
Limitations
The major limitation of our study is its retrospective character. However, the well-managed, high-quality institutional database and PS-matched analysis allow us to make such a conclusion. The results of this PS-matched analysis should be interpreted with caution, and a large, multicentre randomized controlled trial is needed to evaluate precisely the outcomes of patients with early NSCLC operated on with VATS resections.
With the aforementioned limitations, we can conclude that early stage patients with NSCLC operated on by VATS have a better OS rate compared to those operated on with thoracotomy. Additionally, VATS resections were associated with reduction of postoperative atelectases and the need for fewer blood transfusions. 
